Welding process results in the non-uniform distribution of heat. Combined with thermal strain, plastic deformation and welding-induced distortion, it causes important problems such as failure. This study models welding process in a 12×16 split tee junction using finite element. This junction is a reinforcing branch used in the hot taping of oil pipe line. The model is studied in 3D state. This zone, i.e. heat affected zone (HAZ) is of high importance due to the existence of a severe temperature gradient and stress in the vicinity of HAZ. This study analyses single pass butt welding with a cooling time of 2700 seconds. In order to apply boundary conditions to the model, the studied structure should be in Free State according to practical procedure. The main aim of this simulation is to analyse Longitudinal and transverse residual stresses originated from co-directional and opposite-directional welding. This joint is formed of two semicircles welded to each other as linear single pass welding. Two welders simultaneously welded both sides of the pipe.
Introduction
In industrial factories, oil and gas refineries, petrochemical industries, thermal power plants, oil product pipelines and gas pipelines, there may be immediate need for cutting and welding operations on pipelines carrying hot, high pressure, flammable and toxic fluids. In such conditions, the operations should inevitably be done while the pipes are in service. The so-called hot tap technique is used for this purpose. According to studies, the majority of defects and failures in such junctions occur in the HAZ of carbon steels. The residual stress of welding serves as the main cause of the defects in the junctions [1] . Having an accurate prospect of the size and distribution of stresses as well as the effect of different welding parameters on residual stresses plays a vital role in controlling and minimizing their problems. Jiang and Yahiaoui [2] studied the effect of welding sequence on residual stress distribution in a multi-pass welded piping branch junction. High residual stress was formed in the vicinity of the weld region, irrespective of the sequence of welding. Deng et al [3] analysed the influence of deposition sequence on welding residual stress and deformation in an austenitic stainlesssteel J-groove welded joint. Their results showed that welding sequence not only has a significant effect on results but it results in a significant change in the shape of deformation modes induced by welding sequence. Yaghi et al [4] evaluated residual stresses induced by dissimilar welding of a P92 steel pipe with weld metal IN625 using finite element simulation. Two subroutines were developed, one of which prescribed two phases of P92 steel while the other assumed three phases. Skouras et al a Hossein.safari86@gmail.com; r.pourrajab@gmail.com [5] measured welding-induced residual stresses in a P92 steel-In625 supperalloy metal in as welded and post welded heat-treated conditions. The results were discussed with respect to the residual stress magnitude and location as well as with respect to the effectiveness of the post welded heat-treatment procedure. Fu et al [6] analyzed the effect of welding sequence on residual stressed in a thin-walled octagonal pipe-plate structure. Nine different simulation sequences were carried out by single-pass TIG welding of an octagonal pipe-plate joint and the distribution of longitudinal and transverse residual stresses both on the outer and inner surfaces of the pipe were analyzed. Bajpei et al [7] evaluated the mitigation of residual stresses and distortions in thin aluminium alloy GMAW plates using different heat sink models. Their results show a good conformity between experimental and numerical results. This study analyzes the effect of welding-induced residual stresses on split tee reinforcing branch in a pipe-shaped joint of carbon steel (ASTM A36). The review of previous studies showed that there is no study on this subject. Co-directional and opposite-directional welding techniques were first modelled using ANSYS finite element. Then, the analysis results of Longitudinal and transverse residual stresses were studied in both welding techniques.
Modeling

Mechanical analysis
To simplify the welding simulation, the thermal and mechanical analyses were performed successively. Thermal analysis first determined heat distribution model during welding process. Then, the temperature history was applied to mechanical model as thermal load and stress distribution was obtained by solving the mechanical model. All items of mechanical model, except element type and boundary conditions, are similar to thermal model. Thermal model was obtained using the 3D element SOLID 70 with eight quadrilateral nodes with a single degree of freedom having temperature at each node while mechanical model was analyzed using the 3D element SOLID 185 with eight quadrilateral nodes; each have three degrees of freedom. In order to apply boundary conditions to the model, the structure should be in Free State in accordance with practical procedure. The studied junction is a 12×16-inch junction. Figures 1 and 2 , and table 1, show the geometry and dimensions of the model, respectively. This model is studied in 3D state. Figure 3 shows the model meshing. There is a strong thermal gradient and stress in the vicinity of HAZ and this zone is of high importance [8, 9] . Therefore, finer meshes were used in this zone. It is impossible to generate or remove elements during solution process. Therefore, all elements already be created. To this ends, element birth and death capability was used [10] . 
Thermal analysis
There are two main approaches to modelling input heat source in modelling welding process. The first one is to apply heat to a given volume of fusion zone in order to form an acceptable volume of melted material. The second one deals with the application of thermal flux or input heat source modelling [11] . This study required a large amount of calculations demanding a very specific system. Therefore, it adopted melting temperature method [9, 12] . Convection heat transfer coefficient in central line was zero due to the symmetry of the line and was considered to be 15 (W.m 2 )/c in other surfaces. Ambient temperature was assumed 18 o C [8, 9, 13, 14] . In this study, a constant heat was applied in each pass which was proportional to welding time and the position of welded elements.
Material specifications
With a ferrite and perlite microstructure, carbon steel (ASTM A36) is widely used in structures and equipment in dry lands. It shows acceptable welding property with no specific behaviour during welding. This simulation considers the same properties for the base metal, HAZ and welding metal [15, 16] . Figure 4 shows transverse residual stress of a selected path, which is perpendicular to welding line. According to this figure, in both co-directional and opposite-directional welding methods the type of stress is tensile stress from the highest to the lowest part of the studied model. By moving away from the welded zone, tensile stress decreases and it is converted to compressive stress. Finally, form a given distance the type of stress changes to tensile stress again. Figure 5 shows transverse residual stress distribution. Figure 6 compares co-directional welding with opposite-directional one. According to the figure, the value of residual stress has a tensile peak in the selected path. This point, on which the tensile stress becomes the maximum, is the point in which the two parts are welded to each other. After this point, the type of stress becomes compressive with a steep slope and finally the stress approaches a constant value. Figure 7 shows longitudinal residual stress distribution in different times. 
Results and discussion
Analysis of residual stress induced by co-directional and opposite directional welding
Conclusions
Analyse Longitudinal and transverse residual stresses originated from co-directional and oppositedirectional welding were is studied in 3D state by using ANSYS finite element. Following conclusions are presented based on the Finite Element results:
 A large longitudinal tensile residual stress is created around HAZ and this value decreases away from HAZ.  The maximum transverse residual stress is created in fusion zone. In far zones this stress almost tends to zero.  The value of longitudinal residual stress in opposite-directional welding is slightly higher than that of co-directional welding.  By moving electric arc and the deposition of welding beginning and ending effects in HAZ, transverse stress distribution was experienced considerable change.
